A special method to increase damping ration of a kind of high speed vehicle was proposed by constructing a kind of terminal sliding mode surface. As the increase of damping ratio of flying system, the stability and stable margin can be greatly improved which is also a most important point cared by many aircraft designers. Although this kind of terminal method is not firstly proposed and is also not firstly applied in aircraft control, but it is mostly focused on the quickness point but not the damping ration. So this point is very new and although only simplified model is used to testify the rightness of proposed opinion, the detail simulation at last also can provide a strong foundation for the main conclusion.
Introduction
Since hypersonic concept is put forward, it have been vigorously studied in the world. The United States, Russia , The United Kingdom, Japan, France and other countries have made significant progress, the hypersonic flight technology will become an important direction of development in the field of Aeronautics and Astronautics in twenty-first Century, so it represents a country military force in some respects [1] [2] [3] [4] .
Due to the complexity of the control technology, the high speed control has brought great challenges to the current control technology. And the biggest problem is that the robustness and stable margin of traditional control law is not big enough. So variable structure control has been widely used in the high speed control due to its strong robustness [5] [6] [7] [8] . While terminal sliding mode is subject to the attention of scholars for its finite time convergence characteristics. Most scholars use its fast convergence characteristics, but in the case of reasonable parameters, terminal sliding mode can improve the system damping. Based on the above reason, a kind of terminal sliding mode control is applied in high speed aircraft control to improve the robustness of flying system.
Model Description
A kind of hypersonic vehicle can be simplified as below differential equations to described its pitch channel movement: 
Where aero coefficient is identified as 
And V is speed,  is the speed angle, is attack angle,Qis the attitude angle speed, h is the height.
 is the oil supplying factor, c  is the duck wing and e  is the lift rudder.
Sliding mode controller design
Define error variable as 
By using the information of above model, it can be written as
And it can be rewritten as
Finally, we get 
And consider that the variable L can also be written as functions of attack angle and actuator, then it can be written as follows: 
And define new variables as follows 
And it can be written as
With the help of inequality method, it can be rewritten as 
So it is easy to choose big enough parameters 1 k , 2 k and 3 k such that
Then according to Lyapunov theory, we can prove 0 s  .
Choose another Lyapunov function as
Then it holds
Then according to Lyapunov theory, we have 0 e  , then finally we can prove that the system is stable.
Numerical Simulation and result analysis
Set model parameters as 
Conclusion
By introducing a kind of terminal sliding mode surface, a kind of terminal sliding mode controller was designed for the pitch channel model of high speed vehicle. Also the controller was proved to be stable by constructing two Lyapunov functions. And what is worthy pointing out is that the special constructing of terminal sliding mode can improve the system performance by increase system damping ratio which is also testified by the detailed simulation at last.
